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Objective 
 
The objective of this Phase I program is to develop, characterize, fabricate, and test a 
hermetic solid oxide fuel cell (SOFC) seal based on a thermochemically-stable glass-
ceramic system.  The seal will be fabricated below 900°C and will be tested for under cell 
operating environments, including temperatures in the range 750-800°C. 
 
Accomplishments to Date 
 
We have developed and characterized 
glass compositions that, upon sealing 
and crystallization, possess desirable 
thermo-mechanical properties for SOFC 
sealing materials.  The glasses are based 
on the alkaline earth silicate system, 
with other oxides added to control 
crystallization behavior and to tailor 
thermal properties. Certain compositions 
possess stable thermal expansion 
characteristics that are compatible with 
other materials used in SOFC stacks. For 
example, the figure to the right shows 
the coefficients of thermal expansion 
(CTE) for three crystallized glasses 
(designated G#27, G#35, and G#50) 
held at 800ºC for up to 42 days. The 
CTEs of G#27 and G#50 are relatively 
constant, whereas the CTE for G#35 
decreases over the first ten days. The 
latter behavior is due to a change in the 
distribution of crystalline phases that 

constitute the glass-ceramic. The 
stability of the CTE’s for G#27 and 
G#50 makes them good candidates for 
further sealing experiments. 
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We have used differential thermal 
analyses (DTA) to study the 
crystallization kinetics of the sealing 
glasses. The exothermic crystallization 
peak area in a DTA scan is related to the 
fraction of residual glass in a sample that 
has undergone an isothermal heat 
treatment. By characterizing these peaks 
as a function of heat-treatment time and 
temperature, information about 
crystallization kinetics (including 
activation energies) can be obtained. The 
figure to the right summarizes a series of 
DTA experiments performed on the 
SOFC sealing glass #27. Other 
experiments (not shown) reveal 
information about the effects of particle 
size and the presence of a second phase 

(composite seals) on crystallization 
kinetics. 
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Finally, we are using the sealing glasses 
developed in this project as the bases for 

producing composite seals. Glass 
powders have been mixed with a variety 
of second phases, including metals and 
ceramics, and thermal properties and 
phase stabilities have been evaluated.  
The figure to the left compares the CTE 
characteristics of G#27 undoped, with 10 
vol% Ni powder, and 10vol% YSZ 
powder, to the CTE for YSZ (Y-
stabilized zirconia). Tape-cast sealing 
performs have been prepared and used 
for fabricating test seals with SOFC 
materials.  
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The tasks presently underway are summarized below: 
 

1. Develop test fixtures to evaluate the effects of thermal cycling on the hermeticity 
of SOFC seals fabricated from glass and glass-ceramic composite seals. 

2. Complete the long-term studies of phase and property stabilities of sealing 
materials. 

3. Complete the DTA studies of crystallization kinetics. 
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